
Electrostatically 
charged plastic 

Electrostatically charged plastic and electrostatic curtains can be used as 
barrier walls to minimize the spread of contamination from one location 
to another, but do not collect dust once it becomes airborne. The 
curtains can be used upstream of emission-filtering systems to neutralize 
charged dust particles. Electrostatically charged plastic can be used in 
enclosures to minimize the airborne particles in dust. 

Electrostatically charged plastic is effective at 
minimizing the spread of contamination from one 
location to another, but not in collecting dust once it 
becomes airborne. 

The electrostatically charged 
plastic option is difficult to 
implement. Plastic sheets 
would be cumbersome in an 
excavation and would only 
collect dust generated near the 

Costs would depend on 
application and site-specific 
design requirements. 

Not retained-technology 
not applicable to large area 
retrieval actions 

Sxcavation 
nethods 
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Magnetic 
separation 

Magnetic separation is used to extract slightly magnetic radioactive 
particles and metals from host materials such as water, soil, or air. 
Uranium and plutonium compounds are slightlymagnetic, while most 
host materials are not magnetic. The process operates by passing 
contaminated fluid or slurry through magnetized media. The magnetized 
media contain a magnetized matrix, such as steel wool, that extracts the 
slightly magnetic contamination particles from the slurry. Magnetic 
separation is a new technique to remove radioactive contaminants from 
soil and has recently been bench-scale tested at DOE sites (FRTR 2001). 

Magnetic separation is effective at removing slightly 
magnetic radioactive and metal particles from water, 
soil, or air, as shown in the bench-scale test. New 
technology has not been tested at full scale. 

Magnetic separation is 
technically implementable. 
This option requires slurry 
formation with waste. It 
generates secondary waste in 
the form of wastewater. 

Capital costs are expected to 
be low in relation to other ex 
sihi treatments 

Not retained-process has 
not been proven at full 
scale 
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'able B-1 (continued) 

3hemical 
reatment 

1 Soil washing Soil washing uses an aqueous solution and detergent to remove organic 
material from the surface of soil particles and separates fine particulates, 
which contain most of the organic contaminants in the porous fines, 
from the coarse soil. Soil washing does not destroy the organic material, 
but produces three products: ( I )  a wastewater stream, (2) a sludge of 
contaminated fine particulates, and (3) soil that may contain regulated 
levels of heavy metals and radionuclides. Soil washing is applicable to 
soils contaminated with a wide variety of heavy metals, radionuclides, 
and organic contarninants. Additional treatment steps may be required to 
address hazardous levels of washing solvent remaining in the treated 
residuals. The wash solution also would require treatment and proper 
disposal. Equipment and space requirements for soil washing systems 
are extensive, and soil-washing operations tend to be complex 
(DOE 2000). 

Removal efficiency of contaminants and 
fine-grained material from coarse-grained material 
depends on contaminant solubility in the wash 
solution, residence time, and affinity for the matrix. 
The system may not be applicable to waste streams 
containing both metals and organics. Removing 
organics adsorbed onto clay-size particles may 
prove difficult (DOE 2000). 

Soil washing is moderately 
implementable. Waste must be 
sized before processing; 
separated contaminants require 
treatment. Treatability study is 
required to formulate 
surfactant. 

This process generates 
secondarywaste in the form of 
wastewater. 

Capital costs are expected to 
be high in relation to other 
ex sihi treatments. 
Additional costs are 
required for the treatment of 
separated contaminants and 
secondary waste streams. 

Not retained-limited 
application for SDA 
wastes. Not cost effective 
in relation to other ex situ 
treatments. 
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Dehalozenation 

Hydrolysis 

Dehalogenation involves adding reagents to soils contaminated with 
halogenated organics and heating the mixhire. The dehalogenation 
process is achieved through either the replacement of the halogen 
molecules or the decomposition and partial volatilization of the 
contaminants. This option is potentially applicable if combined with 
other processes to address inorganic and radionuclide COCs. This 
relatively mature and simple technology operates at a low temperahire 
with low off-gas and good destruction efficiencies for chlorinated 
compounds. 

The D-Plus (SinreIDRAT) process involves the use of chemical inputs 
to stimulate enzymes and provide a favorable chemical environment 
(alkaline, reducing, anaerobic) for hydrogenation, dehalogenation, and 
hydrolysis chemical reactions. The technology, which is a biochemical 
process, uses heat to break carbon-halogen bonds and volatilize light 
organic compounds. Other processes utilizing hydrolysis to break down 
organic chemicals are primarily related to biological treatment 
(EPA 1994). 

Dehalogenation has been successfully field tested in 
treating PCBs. The process option can be used, but 
may be less effective against selected halogenated 
VOCs. Process meets regulatory requirements for 
treating PCB-contaminated soil, but remaining 
chlorinated organics may require further treatment. 
Processes are slow (FRTR 2001). 

Potential concerns include ( I )  further treatment of 
nonchlorinated organics, (2) the amount of 
pretreatment needed to maximize exposure of the 
chlorinated compounds, (3) the ability to treat the 
diversity of wastes (waste pH and moisture content 
appear to be important), and (4) safety associated 
with handling sodium and anhydrous ammonia and 
high system pressure in a radioactive environment 
(DOE 2000; FRTR 2001). 

Hydrolysis is potentially effective in 
bioremediation. This option employs water and 
catalyst to break down organic contaminants. This is 
not a commercialized process (EPA 1994). 

Dehalogenation is moderately 
implementable. Treatability 
tests may be required to 
determine the operating 
parameters of the unit. Off-gas 
treatment is required for VOC 
and dust. Dehalogenation may 
require a nitrogen blanket to 
avoid explosive conditions 
(DOE 2000; FRTR 2001). 

Hydrolysis is moderately 
implementable for chlorinated 
organics. Treatability study is 
required to demonstrate 
applicability on SDA wastes. 
This option is not yet available 
on a commercial scale 
(EPA 1994). 

This technology generally is 
not cost effective for large 
waste volumes 
(FRTR 2001). 

The relative cost of 
hydrolysis is unknown 

Screening Comments 

Kr1 1 n n l  

Not retained-process not 
cost effective for SDA 
wastes in relation to other 
available processes. This is 
a very specific treatment 
for limited COCs. 

Not retained-process is 
not fully proven. 
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Kemcrlial Yrocea% Option 
Technolog) 

Reduction- 
oxidation 
manipulation 

lkscriplion 

Re-dox reactions chemically convert hazardous contaminants to 
nonhazardous or less toxic compounds that are more stable, less mobile, 
andlor inert. Re-dox reactions involve the transfer of electrons from one 
compound to another. Specifically, one reactant is oxidized (loses 
electrons) and one is reduced (gains electrons). Re-dox reactions can be 
used to detoxify, precipitate, or solubilize metals or organics. Metals and 
radionuclides are retained in solution and need to be treated. Chemical 
re-dox is a full-scale, well-established process option. Enhanced systems 
are now being used more frequently to treat contaminants in soil. This 
option can be operated with standard process equipment in batch or 
continuous modes. However, process control is difficult if waste 
composition varies significantly (DOE 1996). 

Chemical oxidation destruction efficiency depends 
on the organic material treated, the oxidizing agent 
used, and residence time. The effectiveness of 
re-dox processes in treating wastes also depends on 
system design and operating parameters. Solids and 
immiscible liquids are difficult to treat with some 
processes. 

ImylementrtI~ilil~ Hetilthe CO%l Screening Comments 

Re-dox is moderately Costs are not well ~ Not retained-limited 
implementable. Waste stream 
would require demonstration competitive with 
to determine efficiency. Waste incineration. 
requires pretreatment for size 
reduction and slurry 
formation. Wastewater and 
precipitated sludge would 
require treatment. 

Treatability shidies would be 
required for a particular waste 

understood, but may be application for SDA waste. 

lhermal 
reatment 
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Yrocea% Option 

'prolpsis 

iupercritical water 
ixidation 

lkscriplion 

Pyrolysis breaks down organic compounds under high temperature in an 
oxygen-deficient environment. This system forms morganics, including 
heavy metals, into an insoluble solid char residue. A thermal oxidizer is 
required to combust the produced volatile organics and carbon 
monoxide. Equipment configurations are similar to those used for 
incineration (e.g., rotary kiln, rotary hearth furnace, and fluidized bed 
furnace). In Europe, pyrolysis has been used historically on tires and 
polymer waste where the pyrolysis gas is used for energy recovery 
(Uhamburg 2001). 

Advantages over incineration are primarily lower off-gas volume and 
less particulate carryover. 

Supercritical water oxidation destroys organic waste with the use of an 
oxidant in water at temperahires and pressures above the critical point of 
water (705'F) and 218 a m .  Under these conditions, organic materials 
and gases become highly soluble in water-making rapid, complete 
oxidation possible using water as a carrier medium. This process is a 
compact, totally closed system. Waste streams applicable to this process 
option must be in a liquid or slurry form and include organic low-level 
radioactive waste or mixed waste. The process runs at low temperatures 
relative to other thermal treatments with very low off-gas by-products 
and effluents that are easy to manage. This is a relatively mature process 
option with a long history of development for specific applications. 
However, the high pressure and corrosiveness of the system present 
safety concerns, and the process option may require substantial 
pretreatment of waste to ensure that the waste is in liquid or slurry form 
(DOE 2000, 1996). 

'yrolysis has high destruction efficiency and is a 
x-oven technology for some applications. 

Volume reduction is less than incineration or steam 
.eformmg due to char residue. 

rhe process is applicable for the separation of 
x-ganics from most waste forms. 

rhis option has high destruction efficiency for 
Jrganic material and is not applicable to inorganics 
md radionuclides. Issues regarding long-term 
.ellability and safety need to be resolved 
DOE 2000). 

Pyrolysis is implementable, 
but may not be applicable to 
waste at the SDA. Secondary 
waste is generated in the form 
3f char. 

This option relies on off-gas 
treatment. 

Pyrolysis may have a low 
public acceptance due to its 
iimilarity to incineration. 

Supercritical water oxidation 
IS moderately implementable. 
This option requires waste 
iorting and slurry formation. 
Metals precipitate as salts and 
axides, which can plug the 
reactor. Demonstrations are 
itill needed (DOE 2000). 

Hetilthe CO%l 

'osts are slightly lower than 
hose of incineration due to 
ower off-gas volumes. 

'osts are not well 
inderstood, but may be 
'ompetitive with 
ncmeration. 

Screening Comments 

Not retained-proven 
ipplications remain 
narrowly focused. 

Not retained-limited 
ipplicability for SDA 
waste forms. 
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led) 

klolten metal 
pstem 

klolten salt system 

The system heats waste in a reducing mode to destroy organics and 
reduce inorganics to metal ingots and slag, which produces a stable 
waste form. Molten aluminum system can treat most waste forms and 
materials. Off-gas systems are required and may result in secondary 
wastewater, which will require treatment. Refractory lining stability 
must be matched to the waste stream, and refractory life is unknown 
when treating a heterogeneous mixture of waste. 

Organic waste and oxygen are injected into a hot molten salt bath that 
provides the thermal energy to break down organic material and the 
medium to enable intimate contact between oxygen and organic 
fragments. The process is used for combustible liquids, slurries, and 
solid particles. Spent salt is an example of secondary waste. A salt 
recovery system is normally employed. Waste must be sorted and sized 
to less than 0.32 cm in diameter. The technology is relatively mature, 
but its long-term reliability and ability to destroy organics and retain 
metals and radionuclides must be demonstrated (DOE 2000). 

The molten metal system’s ability to destroy 
organics and retain metals and radionuclides needs 
demonstration (DOE 2000). 

The molten salt system’s ability to destroy organics 
and retain metals and radionuclides needs 
demonstration (DOE 2000). 

The molten metal system is not 
implementable. This option 
requires further shidy and 
demonstration on radioactive 
waste (DOE 2000). 

This option is moderately 
implementable. Refractory 
corrosion and failure are 
issues. Salt viscosity may lead 
to freezing and requires 
monitoring. In addition, this 
option requires sizing of waste 
to 4 . 3 2  cm (DOE 2000). 

Capital costs are expected to 
be relatively high. Costs are 
comparable to costs of 
incineration (DOE 2000). 

Capital costs are expected to 
be relatively high. Costs are 
comparable to costs of 
incineration, but salt 
recovery to reduce 
secondary waste will 
increase cost (DOE 2000). 

Not retained-system is 
not a proven technology. 

Not retained- 
effectiveness has not been 
proven 
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Kemcrlial 
Technolog) 

Slectrokinetic 
reatment 

3iological 
reatment 

vlediated 
,lectrochemical 
ixidation 

ierobic 
lezradation 

inaerobic 
legradation 

lkscriplion 

Electrokinetic treatment is an aqueous, low-temperahire ( 4 0 ° C )  process 
that treats mixed waste by electrochemically oxidizing the organic 
components ofmixed waste into carbon dioxide and water. The 
inorganic components of the waste go on to the final forms system, 
where they are immobilized. This option appears suited for destroying 
aqueous organic liquids, organic liquids, and some organic solids that 
can be pulped or slurried. Metals may be dissolved in the analyte 
solution. This requires two secondary systems-acid recovery and silver 
recovery-both ofwhich are important for economic operation. It is not 
clear whether recovery and reuse are possible or economically viable 
with radionuclide contarninants. Off-gas system is required (DOE 2000; 
FRTR 2001). 

Bacteria indigenous to the soil or specifically cultured bacteria are used 
to biologically degrade organic contaminants. Aerobic degradation, 
performed by microorganisms that require oxygen for growth, is 
commonly used to degrade toxic organic petroleum contaminants to 
nontoxic by-products, thereby reducing the waste volume requiring 
disposal. Aerobic process residues are usually CO, CO?, HIO, salts, and 
biomass sludge (dead cell material). Because contaminants must be 
available to the microorganisms, contaminants that are not water-soluble 
are more difficult to treat. Though chlorinated organics are difficult to 
treat, some bacteria do degrade chlorinated organics in the course of 
metabolizing other more easily degraded compounds. Several processes 
for ex situ aerobic degradation exist, such as the use of a containment 
cell, land farming, and bioreactorslcomposting. Aerobic degradation is a 
well-developed, highly effective method to treat organic contaminantsC 
(EPA 1994). 

Bacteria indigenous to the soil or specially culhired bacteria are used to 
biologically degrade organic contarninants. Anaerobic degradation is 
carried out in the absence of oxygen and yields methane, carbon dioxide, 
and biomass. Since the contaminants must be available to the 
microorganisms, contaminants that are not water-soluble (e.g., solids 
and immiscible organics) are more difficult to treat. Chlorinated 
organics are difficult to treat because their degradation is not a 
significant source of energy for the bacteria. Several options for ex sihi 
anaerobic degradation exist, including the use of a containment cell, 
bioreactors, and others' (EPA 1994). 

Mediated electrochemical oxidation's effectiveness 
ias not been fully proven, and its ability to treat 
'CBs is uncertain. 

lfficiency is dependent on the contaminant as 
iutrient for microbial population, oxygen 
:oncentration, temperahire, and pH (EPA 1994). 

lfficiency is dependent on contaminant as nutrient 
-or microbial population, oxygen concentration, 
emperahire, and pH (EPA 1994). 

Mediated electrochemical 
oxidation has not been fully 
demonstrated. This option 
requires significant 
pretreatment. Corrosion and 
erosion are concerns 
(DOE 2000). 

Aerobic degradation is 
marginally implementable. 
Microbe populations are easily 
upset by contaminantlnutrient 
balance, oxygen concentration, 
temperature, and pH. Waste 
must be sized. Biomass, 
wastewater, and off-gases 
require treatment. Large 
system is needed due to slow 
process time (EPA 1994). 

Process times are slower than 
aerobic degradation due to 
generally lower microbial 
metabolism (EPA 1994). 

It is unclear whether this 
process can be economically 
viable. The use of the 
system remains to be 
demonstrated in the 
presence of radionuclides 
(DOE 2000). 

Aerobic degradation may be 
more expensive than 
incineration due to frequent 
shutdown and maintenance 
issues and additional 
treatment requirements 
(EPA 1994). 

Anaerobic degradation may 
be more expensive than 
incineration due to frequent 
shutdown and maintenance 
issues and additional 
treatment requirements 
(EPA 1994). 

Screening Comments 

Not retained-not fully 
woven 

Not retained-limited 
ipplicability for SDA 
waste contaminants 

Not retained-limited 
ipplicability for SDA 
waste contaminants 

c DOE-RL. 1996. 'Torrccti\c Mcmurcs Study for thc 100-NR-l and 100-NR-2 Opcrablc Units. Richlaiid. Washington (Draft)." DOE'RL-9J-II I .  Rc\ A. U S Dcpartrncnt of Enurgy. Richlaxd. Washington. Nolcmbcr 1996 
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RWMC (SDA) The RWMC is located in WAG 7 at the INEEL site and can accept 
some low-level contaminated soil. However, RCRA-regulated hazardous 
materials cannot be disposed of permanently at the RWMC, and waste 
acceptance criteria are strict (DOE-ID 2002). 

This option is effective for a very narrowly focused 
portion of the waste in the SDA. 

This option is implementable. 
Additional capacity is not 
available to receive retrieved 
SDA waste. Any disposal 
would require screening for 
very specific acceptance 
criteria (DOE-ID 2002). 

Costs are expected to be low 
in relation to other disposal 
options. 

Not retained ~ operational 
and capacity constraints 

!disposal 

CFA landfill The CFA landfill, located in WAG 4 at the INEEL site, accepts 
nonhazardous industrial waste from INEEL sites. Roadways would be 
used for transportation. 

The CFA landfill is effective for nonhazardous, 
nonradioactive industrial waste. 

The CFA landfill is not 
implementable for LLW or 
MLLW streams from the 
SDA. However, the CFA 
landfill is potentially 
implementable for the 
nonhazardous portion of 
retrieved waste if it is 
segregated out. 

Costs for this waste stream 
are expected to be low to 
moderate in relation to other 
disposal options. 

Not retained 
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Table B-1 (continued) 

CFA = Central Facilities Area 

COC = contaminant of concern 
DC = dual component 

DNAPL = deuse nonaqueous phase liquid 

DOD = U.S. Department of Defense 

DOE = U.S. Department of Energy 

DOE-ID = U.S. Department of Energy Idaho Operations Office 
DUS = dynamic underground shipping 

EM = Environmental Management 

GRA = general response action 

HEPA = high-efficiencyparticulate air 

HLW =high-level waste 

HRE ~ Homogeneous Reactor Experiments (Oak Ridge) 
ICDF = INEEL CERCLA Disposal Facility 

INEEL = Idaho National Engineering and Environmental Laboratory 

ISG = in sihi grouting 

ISTD = in sihi thermal desorption 

ISV = in situ vitrification 
LLW = low-level waste 

MLLW =mixed low-level waste 

O&M = operations and maintenance 

ORNL = Oak Ridge National Laboratory 

PCB = polychlorinated biphenyl 
RAO = remedial action objective 

RCRA = Resource Conservation and Recovery Act 

Re-dox = reduction-oxidation manipulation 

RFH = radio frequency heating 

RWMC = Radioactive Waste Management Complex 
SDA = Subsurface Disposal Area 

SL-I = Stationary Low-Power Reactor No. I 
SNL = Sandia National Laboratory 

SVE = soil vapor extraction 

SVOC = semivolatile organic compound 
TRU = transuranic 

TSA = Transuranic Storage Area 

TSCA = Toxic Substances Control Act 

VOC = volatile organic compound 

WAG =waste area group 
WCS = Waste Control Specialists 

WlPP = Waste Isolation Pilot Plant 
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